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ABSTRACT
We report on our searches for debris disks around seven relatively nearby radio pulsars, which
are isolated sources and were carefully selected as the targets on the basis of our deep Ks-band
imaging survey. The Ks images obtained with the 6.5m Baade Magellan Telescope at Las Campanas
Observatory are analyzed together with the Spitzer/IRAC images at 4.5 and 8.0 µm and the WISE
images at 3.4, 4.6, 12 and 22 µm. No infrared (IR) counterparts of these pulsars are found, with flux
upper limits of ∼ µJy at near-infrared (λ < 10 µm) and ∼10–1000µJy at mid-infrared wavelengths
(λ > 10 µm). The results of this search are discussed in terms of the efficiency of converting the pulsar
spin-down energy to thermal energy and X-ray heating of debris disks, with comparison made to the
two magnetars 4U 0142+61 and 1E 2259+586 which are suggested to harbor a debris disk.
Subject headings: infrared: stars — pulsars: individual (J0729−1448, B0740−28, J0940−5428,
B0950+08, J1015−5719, J1317−5759, J1549−4848) — stars: neutron
1. INTRODUCTION
Disks are ubiquitous in astrophysical systems at all
scales, found almost anywhere an axis of symmetry ex-
ists, and play an important role in the appearance and
evolution of these systems. For example, they are essen-
tial for the creation of planetary systems, formation of
young stars, mass-transfer in binary systems, and fuel-
ing of the central engines in active galactic nuclei, even
though the physical properties of both the disks and their
host systems differ dramatically.
Disks may also exist around isolated neutron stars,
possibly formed from fallback material after super-
nova explosions (Lin et al. 1991; Chatterjee et al. 2000).
When a massive star dies in a supernova explosion,
some amount of the ejecta (≤ 0.1M⊙) may “fallback”
onto the newly formed neutron star (Chevalier 1989;
Woosley & Weaver 1995). If much of the material is cap-
tured by the gravitational field of the neutron star and
has sufficiently high angular momentum to prevent di-
rect infall onto this compact star, a disk forms due to
interactions between streams of the captured material.
There are a number of observational puzzles relat-
ing to radio pulsars that could be explained by disks
(Michel & Dessler 1981; Cordes & Shannon 2008). The
evolution of pulse periods with time for most pul-
sars does not actually follow the detailed predictions
of magnetic dipole radiation (e.g., Livingstone et al.
2007; Espinoza et al. 2011), which could be due to disks
(Menou et al. 2001; C¸alis¸kan et al. 2013) exerting excess
torque on the pulsars’ magnetospheres. In addition, some
unique phenomena seen in individual pulsars, such as
jets and neutron star precession, may arise from disks
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(Blackman & Perna 2004; Qiao et al. 2003). The first
extra-solar planet system was discovered around the ra-
dio pulsar B1257+12 (Wolszczan & Frail 1992). Even
though the source is a millisecond pulsar with a com-
plicated evolutionary path, it is generally believed that
the planetary system had formed from a debris disk
(e.g., Phinney & Hansen 1993; Miller & Hamilton 2001).
There is a type of radio emitting neutron stars, called
rotating radio transients (RRATs; McLaughlin et al.
2006), which are characterized by short, periodic ra-
dio bursts (2–30 ms) spaced by long intervals (ranging
from minutes to hours). The bursts, along with other
variations in radio pulses—such as pulse nulling, drift-
ing subpulses, and mode changes, might be caused by
dusty material from a surrounding debris disk falling into
the magnetosphere of a pulsar (Cordes & Shannon 2008;
Shannon et al. 2013).
Motivated by the discovery of the planetary sys-
tem around PSR B1257+12, searches for debris disks
around neutron stars have concentrated on old radio pul-
sars, but with no success (e.g. Foster & Fischer 1996;
Koch-Miramond et al. 2002; Lazio & Fischer 2004).
These searches were however limited by the choice of
targets (older, less energetic pulsars) and the instrumen-
tation (poor sensitivity and angular resolution). Multi-
wavelength searches for fallback disks around a num-
ber of young neutron stars have been conducted (e.g.,
Wang et al. 2006, 2007a), although these are consid-
ered as high-energy objects, namely, central compact
objects (CCOs; Pavlov et al. 2004; Gotthelf et al. 2013)
and magnetars (Thompson & Duncan 1996), rather than
ordinary/traditional radio pulsars. The former are a
class of radio-quiet X-ray point sources at the centers
of young supernova remnants while the latter are be-
lieved to generally have ultra-high surface magnetic fields
(∼ 1014 G; Woods & Thompson 2006).
Using the Spitzer Space Telescope, the infrared
(IR) counterparts to the magnetars 4U 0142+61 and
1E 2259+586 have been found (Wang et al. 2006;
Kaplan et al. 2009). For the former source, no sin-
gle spectral model, such as a blackbody or a power
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law, can fit its combined optical and IR spectral en-
ergy distribution (SED). Instead, it is very likely that
the IR emission arises from a residual dust disk. This
disk, with estimated mass of <10−3M⊙, is heated by
strong X-rays from the central pulsar (LX ≃ 10
36 erg
s−1) and appears bright at IR wavelengths (for exam-
ple, L4.5µm ≃ 5× 10
31 ergs s−1). The disk’s lifetime was
estimated to be > 106 yr, assuming that the magnetar
has been spun down by mass accretion from the putative
disk (Wang et al. 2006). The lifetime significantly ex-
ceeds the pulsar age (≈ 105 yr), suggesting a supernova
fallback origin (Wang et al. 2006). While there were only
Ks-band and Spitzer 4.5 µm detections of 1E 2259+586,
the overall IR emission is similar to that of 4U 0142+61,
suggesting the possible existence of a debris disk around
this magnetar (Kaplan et al. 2009).
In order to explore the general existence of similar
residual disks around isolated neutron stars, we have car-
ried out disk searches around a few relatively young radio
pulsars. The detectability of the disk around 4U 0142+61
is likely the result of a combination of the very strong
X-ray heating of the disk and the relative youth of the
object. For radio pulsars, their winds that carry much of
their spin-down luminosity and contain energetic parti-
cles may heat a debris disk, producing IR emission (Jones
2007, 2008). Some fraction of the spin-down luminosity
is conceivably assumed to illuminate surrounding disks.
In this paper we report the results of disk searches
around seven relatively young pulsars from our ground-
based and Spitzer observations. The pulsar targets were
carefully selected partly on the basis of an initial near-
IR Ks-band survey. Results from the all-sky survey
conducted by the Wide-field Infrared Survey Explorer
(WISE ) were included. In addition, in order to under-
stand the role of X-ray emission from neutron stars in
disk heating (or disk detectability), X-ray flux values or
upper limits of the seven pulsars, either from the litera-
ture or archival data analysis conducted by us, were also
reported. Below we first describe our target selection in
Section 1.1. The observations and data analysis are de-
scribed in Section 2, and the results and discussion are
presented in Sections 3 and 4, respectively.
1.1. Target Selection
We selected sources from the Pulsar Catalog6
(Manchester et al. 2005) based on the spin-down lumi-
nosity Lsd scaled by distance d, Lsd/d
2, and picked the
top 40 young, energetic pulsars that had not been well
observed in the optical/IR bands. As one might expect
near-IR emission from these systems if debris disks are
present, we undertook observations in the Ks band using
the 6.5-m Magellan telescopes (see Section 2). However,
in no case did we find a near-IR counterpart.
Based on the ground-based observations, we then se-
lected seven pulsars (see Table 1) as our targets for
Spitzer observations. The reasons for the selection are
the following. First, they are relatively nearby, with
a typical distance of 4 kpc. A debris disk with tem-
perature of approximately 1000 K (Wang et al. 2006)
would be bright in the mid-IR at that distance. Sec-
ond, these targets are not surrounded by synchrotron
6 http://www.atnf.csiro.au/people/pulsar/psrcat/
nebulae that can envelope some of the most energetic
pulsars (Kaspi et al. 2006; Gaensler & Slane 2006) and
could hide mid-IR emission from the pulsar itself. Third
and most important, since most pulsars are located pri-
marily in the Galactic plane, the confusion with field
stars is a serious problem. These targets were selected
because they are in less crowded fields. Using the Galac-
tic disk dust map (Schlegel et al. 1998), we estimated
the extinction along each source’s direction. The maxi-
mum extinction for our targets is approximately AV = 9
(for three high Galactic latitude sources, they only have
AV ≈ 2). This limits the extinction effect that could
alter the apparent stellar colors and cause us to mistake
it for a disk.
To our target selection we added one other source:
RRAT J1317−5759. This object, which just emits spo-
radic bursts of radio waves, would not be detected simply
based on our spin-down luminosity argument. However,
the mechanism for the radio bursting is not clearly un-
derstood, and may be related to a surrounding debris
disk (Cordes & Shannon 2008). Given that this source
also has a clean field, we selected it as our target for
testing this hypothesis.
2. OBSERVATIONS AND DATA REDUCTION
2.1. Magellan Ks-band Imaging
We observed the fields of the seven pulsar targets
in the Ks band using Persson’s Auxiliary Nasmyth In-
frared Camera (PANIC; Martini et al. 2004) on the 6.5-m
BaadeMagellan Telescope at Las Campanas Observatory
in Chile. The observation dates are provided in Table 2.
The detector was a Rockwell Hawaii 1024×1024 HgCdTe
array, having a field of view (FOV) of 2′×2′ and a pixel
scale of 0.125′′ pixel−1. The total on-source exposure
times were in a range of 13–30 min. During the expo-
sure of a target, the telescope was dithered in a 3×3 grid
with offsets of 10′′ to obtain a measurement of the sky
background. The observing conditions were good, with
0.′′4–0.′′5 seeing in the Ks band. The FWHMs of point
sources in our images are given in Table 2.
We used the IRAF data analysis package for data
reduction. The images were bias-subtracted and flat-
fielded. From each set of dithered images in one obser-
vation, a sky image was made by filtering out stars. The
sky image was subtracted from the set of images, and
then the sky-subtracted images were shifted and com-
bined into one final image of a target field.
We astrometrically calibrated the images using the
Two Micron All Sky Survey (2MASS; Skrutskie et al.
2006) stars detected in the fields. For the targets except
B0950+08, 20–60 2MASS stars were used for the cali-
bration, and the resulting uncertainties are of the order
of 0.′′03. Therefore, the positional uncertainties for locat-
ing the six pulsars on the images are dominated by the
2MASS systematic uncertainty of ≃0.′′15. For B0950+08,
only six 2MASS stars were detected to be used for the
calibration, because it has a high Galactic latitude Gb.
The nominal position uncertainty is 0.′′13. Adding the
2MASS systematic uncertainty in quadrature, the posi-
tional uncertainty for locating it on the Ks image is 0.
′′2.
For flux calibration, 4-14 relatively bright 2MASS stars
detected in the fields of the targets were used; bright
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Fig. 1.— Spitzer/IRAC 4.5 µm images of the fields of the seven pulsar targets. The positions of the pulsars are marked by the crosses.
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stars were all saturated in our images. The uncertainties
are in a range of 0.02–0.06 mag. For B0950+08, only
one star with the 2MASS Ks measurement was detected
in our image, but the uncertainty is 0.16 mag. Since it
was observed in the same night as J0729−1448, the flux
calibration results for the latter were used instead.
2.2. Spitzer Imaging
The Spitzer observations were conducted in the years
of 2007–2008, with the observation dates given in Ta-
ble 2. The imaging instrument used was the Infrared
Array Camera (IRAC; Fazio et al. 2004). It operates in
four channels at 3.6, 4.5, 5.8, and 8.0 µm. We observed
our targets in Channels 2 (4.5 µm) and 4 (8.0 µm). The
detectors at the short and long wavelengths are InSb and
Si:As devices, respectively, with 256×256 pixels and a
plate scale of 1.′′2 pixel−1. The field of view (FOV) is
5.′2×5.′2. To avoid possible saturation caused by bright
stars in a target field, the frame times were set to either
12 or 30 s, with 10.4 and 26.8 s effective exposure time
per frame, respectively. The total on-source time in each
observation is given in Table 2.
The raw image data were processed through the IRAC
data pipelines at the Spitzer Science Center (SSC). In the
Basic Calibrated Data (BCD) pipeline, standard imag-
ing data reductions, such as removal of the electronic
bias, dark sky subtraction, flat-fielding, and lineariza-
tion, were performed and individual flux-calibrated BCD
frames were produced. The detailed reduction in the
pipelines can be found in the IRAC Instrument Hand-
book7. Using MOPEX, an SSC’s package for reducing and
analyzing imaging data, the BCD images were then com-
bined into a final post-BCD (PBCD) mosaic at each
channel.
2.3. WISE Imaging
Launched on 2009 December 14, WISE mapped the
entire sky at 3.4, 4.6, 12, and 22 µm (called W1, W2, W3,
and W4 bands, respectively) in 2010 with FWHMs of
6.1′′, 6.4′′, 6.5′′, and 12.0′′ in the four bands, respectively
(see Wright et al. 2010 for details). The WISE all-sky
images and source catalog were released in 2012 March.
We downloaded the WISE image data of each source
field from the Infrared Processing and Analysis Center
(IPAC). The WISE observation dates (in year 2010) and
the depths of coverage (in units of pixels) are given in
Table 2. One pixel of the depth of coverage corresponds
to 8.8 s on-source integration time (Wright et al. 2010).
2.4. X-ray Data Analysis
There are pointed X-ray observations for six pulsar
targets (except J1549−4848). Among them, only PSRs
J0729−1448 and B0950+08 have been detected in X-rays
and the results were reported by Kargaltsev & Pavlov
(2009) and Zavlin & Pavlov (2004) (see also Becker et al.
2004), respectively. In addition, the X-ray non-detection
of PSR J1317−5759 has been reported by McLaughlin
(2009).
For the rest of the pulsars, there are archival XMM-
Newton observations of PSR B0740−28 and Swift ob-
servations of PSRs J0940−5428 and J1015−5719. PSR
7 http://irsa.ipac.caltech.edu/data/SPITZER/docs/irac/iracinstrumenthandbook/
J1549−4848 was only covered by a short exposure in the
ROSAT All Sky Survey.
We reprocessed the XMM-Newton data (ObsID:
0103262401)8 of PSR B0740−28 using SAS 13.5.0. After
removing periods of high background, we obtained net
exposures of 1990 s, 1630 s, and 300 s for MOS1, MOS2,
and PN, respectively. The PN data were not included
in this analysis, because the exposure is too short to be
useful. We combined the MOS1 and MOS2 data but
found no detection of the pulsar. Using the CIAO task
aprates, which is based on a Bayesian algorithm, we ob-
tained a 3σ count rate limit of 7.9 × 10−3 cts s−1 in the
0.5–7keV energy range.
For PSRs J0940−5428 and J1015−5719, we analyzed
the Swift data taken in the photon counting mode and
processed by the standard pipeline. Three data sets
(ObsIDs: 00036695001, 00036695002, and 00036695003)
were used for the former with a total exposure of 23.7 ks,
and the latter has one 2.8-ks archival exposure (Ob-
sID: 00031631002). No X-ray counterparts were de-
tected. The task aprates gives 3σ count rate limits
of 5.3 × 10−4 cts s−1 and of 4.5 × 10−3 cts s−1 for PSRs
J0940−5428 and J1015−5719, respectively, in the 0.5–
7 keV range.
Finally, the ROSAT survey image shows no detection
for PSR J1549−4848 in X-rays. The exposure of the
target field is short, only 330 s.
3. RESULTS
No candidate counterparts to the seven pulsars were
detected from IR imaging. The positions of the pul-
sars in the Spitzer/IRAC 4.5 µm images of the fields
are shown in Figure 1. For PSR B0740−28, an object
is located 0.′′88 north to the pulsar’s position, whose un-
certainty is only 0.′′05 determined from long-term pulsar
timing (Hobbs et al. 2004). Because the object was also
detected in our Ks image, which implies that it is >5σ
away from the pulsar’s position, it can be excluded as a
candidate counterpart. Among the pulsar targets, one
IR bow shock was detected around PSR 1549−4848, and
studies of the bow shock were reported in Wang et al.
(2013).
We estimated 3σ flux upper limits for our ground-
based and Spitzer imaging by considering that a point
source would have been detected if its peak brightness
was 3 times larger than the standard deviation of the
background counts near a source position. The flux up-
per limits, particularly for the IRAC observations, are
mainly determined by background sky emission and con-
fusion noise when a field is crowded. The obtained flux
upper limits are given in Table 2. For WISE imaging,
images of each source field at the four bands were ana-
lyzed and bright WISE sources were used for flux cal-
ibration. The WISE flux upper limits for each pulsar
were also estimated, which are given in Table 2. For
PSRs J0940−5428 and J1015−5719, large-scale, nebula-
like structures were detected around the sources from
4.5 µm to longer wavelength bands (Figure 1), and for
PSR J1317−5759, the background emission is high (ap-
proximately 10 times higher than that, for example, in
the field of B0950+08) and the field is crowded. These
8 We note that the other observation (ObsID: 0103260501) is not
usable due to severe background flares.
5factors resulted in larger flux upper limits than that nor-
mally obtained.
The unabsorbed X-ray flux upper limits on PSRs
B0740−28, J09404−5428, J1015−5719, and J1549−4848
were also estimated. For PSR B0740−28, we gener-
ated the XMM-Newton telescope response files with SAS
and assumed an absorbed power-law spectrum with pho-
ton index of 1.5. The column density was estimated
from the pulsar dispersion measure (DM) by assum-
ing 10% ionization (He, Ng, & Kaspi 2013). An unab-
sorbed flux limit of 1.2×10−13 erg s−1 cm−2 in 0.5–7keV
was obtained. With the same procedure, we obtained
2.9×10−14 erg s−1 cm−2 and 3.2×10−13 erg s−1 cm−2 for
PSRs J0940−5428 and J1015−5719, respectively, using
the Swift telescope response files provided by the calibra-
tion team. For PSR 1549−4848, we deduced a 3σ flux
upper limit of 4.3× 10−12 erg s−1 cm−2 (0.1–2.4keV) us-
ing PIMMS from the count rate limit, which is not very
constraining due to the short exposure. The unabsorbed
X-ray fluxes or flux upper limits for our pulsar targets
are summarized in Table 1.
Fig. 2.— Dereddened ground-based Ks (diamond), Spitzer (tri-
angles), andWISE (squares) flux upper limits of PSR J0729−1448.
Different fraction values of Lsd are indicated by dotted lines.
4. DISCUSSION
For the pulsar targets, their Lsd and d (estimated from
their DMs and generally have 30% uncertainties) are
listed in Table 1. Except PSR J1317−5759, the pulsars
have spin-down fluxes of 7–90×10−11 erg s−1 cm−2. If a
debris disk exists around a pulsar, the energy flux of the
pulsar might be intercepted and a fraction of it would be
re-radiated by the disk in the IR (e.g., Foster & Fischer
1996). Given that the flux range is within an order of
magnitude, we use the first pulsar, PSR J0729−1448, in
Table 1 as a main example and discuss the implications
from our results.
The extinction AV to each pulsar target was esti-
mated using the three-dimensional extinction maps of the
Galaxy (Drimmel, Cabrera-Lavers, & Lo´pez-Corredoira
2003). The obtained AV values are given in Table 1,
which are generally consistent with those initially esti-
mated from the Galactic disk dust map (see Section 1.1).
In order to obtain the dereddened flux upper limits,
based on which discussions are made below, the red-
dening laws of Schlegel, Finkbeiner, & Davis (1998) for
the near-IR Ks band data, and Indebetouw et al. (2005)
(wavelengths ≤8 µm) and Weingartner & Draine (2001)
(wavelengths >8 µm) for Spitzer and WISE data were
used.
In Figure 2, the dereddened flux upper limits for PSR
J0729−1448 are shown. Assuming that a fraction η
of the energy flux from this pulsar would be radiated
at the IR bands due to the presence of a dust disk
[η(Lsd/4pid
2) = νFν , where Fν is the flux density at
a band of frequency ν], the upper limits have reached
η ∼ 5 × 10−4 at 22 µm. The η value is nearly as
deep as that for the planetary system PSR B1257+12
obtained from Spitzer MIPS observations (Bryden et al.
2006). However, as pointed out by Bryden et al. (2006),
the η limit is still not sufficiently deep since most main-
sequence stars with debris disks, which include our solar
system, have η < 10−5. Even if a dust disk exists, emis-
sion would not be strong enough to be detected.
At 4.5 µm, our upper limit has reached η ≃ 5× 10−6.
This ratio is at least one order of magnitude deeper than
that of the disk case of the magnetar 4U 0142+61, where
(ν4.5µF4.5µ)/FX ∼ 10
−4 (Wang et al. 2007a,b) is used
for the comparison because the main energy flux from
4U 0142+61 (as well as 1E 2259+586) is X-ray emission.
In Wang et al. (2006), the IR component in the SED of
4U 0142+61 was modelled to arise from a passive, X-ray
irradiated disk (see also Vrtilek et al. 1990; Perna et al.
2000), and as the IR–to–X-ray flux ratio (ν4.5µF4.5µ)/FX
might be typical for disks around X-ray bright neutron
stars, the flux ratio has been used for the discussion of
disk detectability around different young neutron stars
(e.g., Wang et al. 2007a,b). Cordes & Shannon (2008)
also have proposed that X-ray emission from a neutron
star, due to thermal radiation from its high-temperature
surface and/or non-thermal radiation from its magneto-
sphere, provides heating of a debris disk. To check the
possibility that a debris disk would be seen mainly due
to X-ray heating, we calculated the (ν4.5µF4.5µ)/FX flux
ratio upper limits for PSRs J07294−1448 and B0950+08,
which are the only two targets detected with X-ray emis-
sion. The ratios are 5.9×10−2 and 3.1×10−4, respec-
tively, suggesting that our observations were not suffi-
ciently deep. For the pulsar targets without X-ray detec-
tion, the X-ray upper limits of B0740−28, J0940−5428,
and J1015−5719 are below or nearly equal to 10−3Lsd,
which is approximately the average fraction of pulsars’
spin-down energy emitted at X-rays (Becker & Truemper
1997; Kargaltsev et al. 2012). The flux limits and fluxes
suggest that at least half of our pulsar targets (including
PSR J0729−1448) are unfortunately intrinsically faint at
X-ray energies.
In this survey of searching for debris disks around neu-
tron stars, we have focused on relatively young radio
pulsars with high spin-down fluxes. While only seven
such pulsars were observed with the most sensitive IR
telescope due to limited, expensive observing time on a
space telescope, the results may suggest that it is dif-
ficult to detect any debris disks around radio pulsars,
whose existence has been hinted by various pieces of in-
direct evidence. Considering the detections of possible
debris disks around two magnetars, another search fo-
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cusing on X-ray bright pulsars may be conducted with
the future IR telescopes such as the James-Webb Space
Telescope. Our survey is also limited to relatively hot
debris disks, as the stringent sensitivities were provided
by Spitzer 4.5 and 8.0 µm imaging. In order to com-
plete this survey at multiple wavelengths, searches for
cold dust around our pulsar targets should be conducted,
given the great capability now available from the Ata-
cama Large Millimeter/submillimeter Array (ALMA) at
submillimeter wavelengths. With its sensitivities at least
an order of magnitude better than that in the previous
searches (e.g., Phillips & Chandler 1994; Lo¨hmer et al.
2004), ALMA observations will help draw a full conclu-
sion about our searches for debris disks around isolated
radio pulsars.
This paper includes data gathered with the 6.5 meter
Magellan Telescopes located at Las Campanas Observa-
tory, Chile. The work is based in part on observations
made with the Spitzer Space Telescope, which is oper-
ated by the Jet Propulsion Laboratory, California Insti-
tute of Technology under a contract with NASA. The
publication makes use of data products from the Wide-
field Infrared Survey Explorer, which is a joint project
of the University of California, Los Angeles, and the Jet
Propulsion Laboratory/California Institute of Technol-
ogy, funded by NASA.
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7TABLE 1
Properties and derived fluxes or flux upper limits for the seven radio pulsar targets
Pulsar Age d Gb Lsd/10
35 FX
a/10−14 AV F4.5µ
b (ν4.5µF4.5µ)/FX
(kyr) (kpc) (deg) (erg s−1) (erg s−1 cm−2) (mag) (µJy)
J0729−1448 35 4.4 +1.4 2.8 1.0 1.1 <0.87 < 5.9× 10−2
B0740−28 160 1.9 −2.4 1.4 <12 0.93 <0.061 · · ·
J0940−5428 40 4.3 −1.3 19 <2.9 4.1 <1.6 · · ·
B0950+08 104 0.26 +43.7 0.006 12 0.088 <0.056 < 3.1× 10−4
J1015−5719 40 4.9 −0.6 8.3 <32 5.3 <0.79 · · ·
J1317−5759 103 5.6 +4.7 0.002 <74 2.2 <16 · · ·
J1549−4848 300 1.5 +4.3 0.2 <430 1.6 <0.41 · · ·
a X-ray flux is unabsorbed. The energy range for J0729−1448 is 0.5–8 keV, for B0740−28, J0940−5428, and J1015−5719 is 0.5–7 keV, for
B0950+08 is 0.2–10 keV, for J1317−5759 is 0.3–5 keV, and for J1549−4848 is 0.1–2.4 keV.
b Dereddened flux upper limits at the Spitzer IRAC channel 2.
TABLE 2
Observations of seven radio pulsar targets
J0729−1448 B0740−28 J0940−5428 B0950+08 J1015−5719 J1317−5759 J1549−4848
Magellan/PANIC
Obs. date 2006/05/15 2005/10/22 2006/05/16 2006/05/15 2006/05/16 2006/05/16 2006/05/17
Exposure (min) 22.5 13.5 22.5 30.0 22.5 30.0 22.5
FWHM (arcsec) 0.56 0.43 0.40 0.46 0.39 0.49 0.40
Ks flux limit (mag) 20.7 21.2 20.7 20.7 20.4 21.0 21.2
Spitzer/IRAC
Obs. date 2007/11/14 2008/01/01 2008/04/08 2007/12/27 2008/04/08 2007/09/12 2007/09/12
Exposure (min) 17.9 17.9 17.3 17.9 17.9 17.3 17.9
Ch2 flux limit (µJy) 0.82 0.058 1.3 0.056 0.61 14 0.38
Ch4 flux limit (µJy) 9.1 6.9 89 6.4 140 15 1.4
WISE
Obs. date 2010/04/10 2010/04/16 2010/06/14 2010/05/11 2010/01/07 2010/01/31 2010/02/22
· · · · · · · · · · · · 2010/07/05 2010/08/04 · · ·
Depth of coverage (pixel) 14 14 32 12 34 34 14
W1 flux limit (µJy) 33 61 160 170 140 94 85
W2 flux limit (µJy) 20 34 87 37 110 27 56
W3 flux limit (µJy) 67 92 250 89 880 72 140
W4 flux limit (µJy) 1100 1100 5400 1300 5100 750 790
